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AN ASSESSMENT OF REPFATED LO& ON~GENERAL AVIATION 

AND TRANSPORT AIRCRAFT 

By Phi l ip  Donely, Joseph W. Jewel, Jr., 
and Paul A. Hunter 

NASA Langley Research Center 

SUMMARY 

An assessment i s  made of recent repeated loads data from short-haul je t  
transports and several general aviation airplanes. 
indicate tha t  except f o r  check f l i g h t  maneuvers the load his tor ies  a re  essen- 
t i a l l y  independent of operator and airplane type. General aviation data show 
a large amount of s ca t t e r  i n  the repeated load history. 
location of operations may be the primary means of specifying the repeated loads 
environment. 

The jet transport data 

The use and geographical 

INTRODUCTION 

About the time engineers interested i n  repeated loads f e e l  t ha t  they can 
provide the fatigue spec ia l i s t  with stable and val id  information, someone e i the r  
develops a new a i r c r a f t  or a new use f o r  a i r c ra f t .  On this basis the demand is  
always present fo r  additional collections of information or refinements i n  past 
results. The current changes a re  the introduction of small je t  transports in to  
short-haul operations and the increasing divers i ty  and u t i l i za t ion  of general 
aviation a i r c ra f t .  
t ions  of a i r c r a f t  not f u l l y  anticipated i n  the past. 

In  both cases potent ia l  problems are created by applica- 

A t  the fourth ICAF symposium i n  1965, M r .  Coleman presented an excellent 
summary on repeated loads on transport airplanes ( re f .  1). 
have become available t o  augment t h i s  summary i n  regard t o  the load expectancy 
of the small je t  transports and t o  permit some assessment of the effect  of the  
operator and geographical environment. 
transports, then, the present paper w i l l  up-date the information reported i n  
reference 1. 

Since tha t  time data 

In regard t o  repeated loads on 
/A* 

.-----”* 
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There has been l i t t l e  information available on general aviation a i rc raf t ,  
but NASA and FAA i n  a cooperative e f fo r t  have been collecting data for t h i s  
category f o r  some 3 years. The slow progress i n  obtaining information i n  t h i s  
area i s  due primarily t o  the diverse nature of,general  aviation. 
available information w i l l  be presented as a preliminary guide t o  the uses, t o  
the load experience of representative operations, and w i l l  include an assessment 
of the data collection process f o r  such operations. 

A t  t h i s  time, 
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incremental acceleration, g units 

maximum incremental acceleration, g uni ts  

incremental acceleration corresponding t o  l imi t  load factor, g uni ts  

Mach number corresponding t o  maximum operating l imi t  speed 

l i m i t  gust load factor  

l i m i t  maneuver load fac tor  

wing area, sq f t  

design maneuvering speed, k t s  

design cruising speed, k t s  

design diving speed, k t s  

maximum s t ruc tura l  cruising speed, k t s  

never-exceed speed, k t s  

Mach nmber corresponding t o  the maximum operating l i m i t  speed 

derived gust velocity, f t /sec 

airplane weight, l b  

GENERAL CONSIDEMTIONS 

Transport Aircraft  

The continuing saurpling of a i r l i n e  operations i s  t o  ensure tha t  changes i n  
use of a i r c ra f t  and type of a i r c r a f t  have not introduced serious discrepancies 
i n  the load his tor ies .  There i s  also a need fo r  continuing study t o  evaluate 
the influence of a i r l i n e  practices on load his tor ies .  An example of changes 
tha t  may affect  the fatigue l i f e  i s  i l l u s t r a t ed  when the je t  transport i s  used 
i n  short-haul operations, where it w i l l  be spending more time i n  a turbulent 

environment than would be inferred by resul ts  obtained from the intercontinental 
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In regard t o  a i r l i n e  practices, f o r  example, landing impact loads have 
Questions of t h i s  type varied more widely between operators than a i r c ra f t .  

require examination i f ,  i n  the long run, we are t o  make ra t iona l  decisions as 
t o  design f o r  fatigue. While many ef for t s  have been made t o  resolve these and 
s i m i l a r  questions, at  present our only recourse i s  t o  do additional work since 
answers have not been found. 

Another consideration t h a t  requires examination i s  the f ac t  that ,  f o r  
example, United States a i r c r a f t  are designed and b u i l t  f o r  the American environ- 
ment and according t o  the United States philosophy, yet are used i n  other 
environments and operated by nationals with other philosophies. 
expect the Northern European Operations t o  be i n  the same environment as oper- 
ations i n  the Tropics. 
sions between nations indicates philosophical differences, although the objec- 
t i v e  (a safe airplane) i s  the same. 

One does not 

By the same token, examination of airworthiness discus- 

General Aviation Aircraft 

A t  t h i s  stage i n  data collection, the questions t o  be answered are  many. 
Certainly a major question i s  how t o  c lass i fy  operations. 
operations represent an organized e f fo r t  and well-defined operations, general 
aviation represents many individual operations of almost a l l  types and sizes of 
a i r c ra f t .  It appears that classif icat ion by type of airplane may not be satis- 
factory since as performance has improved a given type may be used as an execu- 
t i v e  transport, t ra iner ,  or air  taxi. 

While the transport 

Another distinguishing feature of general aviation may be the classi f ica-  
t i on  of f l i g h t  regimes. 
c lass ica l  climb, cruise, descent segregation of the transport. It is  probable 
tha t  many general aviation operations w i l l  require an approach s i m i l a r  t o  the 
mil i tary concept of mission and nonmission operations. 
required f o r  multiuse a i r c r a f t  and perhaps fo r  survey a i r c ra f t .  

The a i r c ra f t  used as a t ra iner  m y  not permit the 

Such an approach may be 

A factor  f o r  consideration is  the wide variety of p i l o t  experience and 
The a i r l i n e  p i l o t  satisfies specific requirements as p i l o t  t ra ining involved. 

t o  t ra ining and currency. 
afternoon once-a-month experience t o  the professional p i l o t  on a busman's 
holiday. 
i f  any generalized load spectra are t o  have meaning. 

The general aviation p i l o t  ranges from the Sunday 

In  some way representative p i l o t  images w i l l  have t o  be established 

A serious problem, at least i n  the United States, i s  the question of sample 
s ize  and bias which may apply i n  other countries as w e l l .  
mate i s  tha t  the current e f fo r t  represents l e s s  than 0.1percent of general 
aviation and one cannot be sure tha t  a l l  classes of operations are covered. 
the matter of bias, it should be obvious that volunteer participation means a 
more mature and be t t e r  than average p i lo t .  
less severe load experience than i f  some of the l e s s  responsible individuals 
were par t ic ipat ing . 

An optimistic e s t i -  

On 

The data collected then should show 
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5 .. 
INS-WATION AND DATA EVALUATION 

Since members of the symposium may not have convenient access t o  refer-  
ence 1, the material used by M r .  Coleman t o  describe the NASA ac t iv i t i e s  has 
been reproduced verbatim. 
amlation operations as a l l  data are collected and evaluated the same way. 

It is  applicable t o  both the transport and general 

Instrument a t  ion 

The data t o  be discussed were obtained primarily w i t h  NASA VGH and 
V-G recorders, which are  described i n  detail i n  references 2 and 3, respectively. 
Consequently, only a br ief  description of the recorders and the type record 
obtained i s  given below. 

VGH recorder.- A picture of the VGH recorder is  shown in  figure 1. The 
recorder consists of three major components: the recorder base, the attached 
film recording drum, and the acceleration transmitter. The transmitter i s  
ins ta l led  near (usually within 5 f e e t )  the center of gravity of the airplane, 
whereas the recorder base may be mounted at any convenient location within the 
airplane. The ins ta l led  weight of the VGH recorder i s  20 t o  25 pounds. 

An i l l u s t r a t i v e  VGH record is  shown i n  figure 2. It i s  a time-history 
record of indicated airspeed, pressure al t i tude,  and normal acceleration. From 
th i s  record, it i s  possible t o  make detailed counts of the normal acceleration 
peaks caused by various sources such as gusts, maneuvers, and ground operations, 
and t o  determine the associated airspeeds and al t i tudes.  

V-G recorder.- A picture of the V-G recorder i s  shown i n  figure 3 .  It 
weighs l e s s  than 5 pounds ins ta l led  and is usually mounted within 5 f ee t  of the 
center of gravity of the airplane. 

A n  i l l u s t r a t ive  V-G record is shown i n  figure 4. It is  an envelope of the 
maximum posit ive and negative accelerations experienced throughout the airspeed 
range during the period (usually approximately 200 f l i gh t  hours for commercial 
airplanes and 60 hours f o r  general aviation airplanes) covered by the record. 

Record Evaluation 

Detailed methods used f o r  evaluating the VGH and V-G records are  given i n  
references 4 and 5. 
evaluating the  records i s  given in  t h e  following sections. 

Consequently, only a brief explanation of the methods of 

V%H records.- The sketch i n  the l e f t  of figure 5 i l l u s t r a t e s  the method of 
evaluating the VGH records. 
t race i s  used as a reference from which t o  read the incremental acceleration 
peaks which equal or exceed a selected threshold value. 
of the acceleration is  read fo r  each crossing of the reference. 
threshold values range from kO.09g t o  *0.40g, depending upon the airplane type 

The steady f l i gh t  position of the acceleration 

Only the maximum value 
The selected 
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and the source of the accelerations being evaluated. 
peak evaluated, the corresponding values of airspeed and a l t i tude  are  a lso 
evaluated. 
read t o  provide data on the airspeed operating practices and the a l t i tudes  
flown. 
flight condition (climb, cruise, and descent), and by al t i tude.  

For each acceleration 

In  addition, the airspeed and a l t i tude  at  1-minute intervals are 

The acceleration data are  sorted according t o  source (gusts, maneuvers), 

V-G records.- The sketch i n  the r ight  of figure 5 i l l u s t r a t e s  the manner 
of evaluating the V-G records. 
negative acceleration increment from the reference are  evaluated from each 
record. 
maneuvers) of the maximum accelerations on a V-G record. Consequently, the 
V-G acceleration data are  not generally sorted aecording t o  the source, but 
rather are  given as combined data representing in-f l ight  accelerations. 

As indicated, only one maximum posit ive and one 

Generally, it is not possible t o  determine the source (i .e. ,  gusts or 

NOTE: For many of the ear ly  transport airplanes, the maximum accelerations on 
the V-G records were ascribed t o  gusts rather than maneuvers. Because 
of the  re la t ive ly  high response of these airplanes t o  gusts, the  assump- 
t ion  was  considered t o  be valid. 
and f o r  general aviation airplanes, however, detailed data from 
VGH records indicate that  the assumption may not be valid since maneuver 
accelerations may be as high as gust accelerations. 

For several types of current transports 

Method of combining VGH and V-G data.- Because VGH data samples'are gen- 
e ra l ly  s m a l l  (approximately 1000 f l i gh t  hours), they do not provide re l iab le  
estimates of the frequency of the large accelerations. They do, however, pro- 
vide detailed information on the smaller accelerations and the sources of these 
accelerations. 
detailed information on the sources of the accelerations, but do give re l iab le  
estimates of the frequency of the large accelerations. 
are  complementary and may be combined t o  obtain an estimate of the t o t a l  in -  
f l ight acceleration experience. 

Conversely, the larger  samples of V-G data do not provide 

The two types of data 

The method of combining the VGH and V-G data i s  i l l u s t r a t ed  i n  figure 6. 
The figure shows the cumulative frequency distributions per mile of f l ight of 
gust and maneuver accelerations as determined from the E H  data sample, the 
maximum accelerations from the V-G data, and the t o t a l  in-fl ight acceleration 
dis t r ibut ion obtained by summing the ordinate values of the maneuver, gust, 
and V-G acceleration distributions.  

SCOPE 

Scheduled J e t  Transports 

Table I l ists  the general character is t ics  of the jet transports for  which 
data have been analyzed.' Airplanes I t o  VI1 are  the large transcontinental and 
intercontinental  transports while VIII, IX, and X I 1 1  are  the small short-to- 
medium-haul a i r c ra f t  w i t h  two or three engines. Almost a l l  the data fo r  the 
large a i r c ra f t  have been 
the small j e t  transports 

reported i n  reference 1 and ea r l i e r  publications. 
the samples have been evaluated recently. 

For 
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Table I1 i s  a surmnary of operations by airplane and operator. For defini- 
t ion  the table  includes the average f l i gh t  duration, a l t i tude,  and the percent 
of time spent i n  climb, cruise, and descent. It i s  of in te res t  t o  note tha t -  
the average f l i gh t  time and a l t i t ude  fo r  the large j e t s  a re  about 3 hours and 
32,000 f ee t  while the corresponding values fo r  the small a i r c r a f t  a re  1 hour 
and about 25,000 f ee t .  Another significant difference between the large and 
sm;all a i r c ra f t  i s  the f ac t  t ha t  large a i r c ra f t  spend about 75 percent of t he i r  
f l i gh t  time i n  cruise  as compared w i t h  about 40 percent fo r  the smaller a i r c ra f t .  

The operations of the large a i r c ra f t  include operations in  almost every 
par t  of the free  world by both United States and other operators. I n  the case 
of the small short-haul je t s ,  three of the f ive  operations are within the con- 
t i nen ta l  United States while two operations represent an European and an 
Australian operation. In connection with the intercontinental  operations, the 
recorded data can include any par t  of the world while the short-haul j e t s  are 
res t r ic ted  by range t o  more localized geographic areas. 

As a matter of convenience, the  amount of f l ight  operations spent i n  check 
or t ra ining f l i gh t s  i s  included i n  table  I1 f o r  l a t e r  reference. The category 
of check flying a l so  includes f l i g h t s  following overhaul or modification t o  the 
airframe. No attempt has been made t o  so r t  the information on a more specific 
basis than noted. 

General Aviation 

Table I11 i s  a l i s t i n g  of the pertinent a i r c ra f t  included i n  the sampling 
program even though resu l t s  w i l l  not be presented fo r  every type of a i r c ra f t .  
The table  l ists  f ive  categories which define i n  a rough way the primary u t i l i -  
zation. Table I11 also l i s t s  the number of V-G and VGH instal la t ions and the 
hours of data currently on hand i n  each case. 

Since the categories such as 'single-engine executive" and "personal" a re  
not en t i re ly  descriptive, the types of  operations included in  each category are  
as follows: 

Twin-engine executive: 
Charter f l i gh t  - cargo and personnel 
Business f l i gh t  - company and individual 
Instrument check f l i gh t  - t ra ining f o r  instrument card 
Instructional - check-out fo r  multiengine 

Single-engine executive: 
Charter f l i gh t  - cargo and personnel 
Business f l i gh t  - company and individual 
Instrument check flight - t ra ining for  instrument card 
Instructional - check-out fo r  heavier airplane 
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Personal : 
Flying Club - airplane flown by from 3 t o  21 members .  

Individual - used f o r  pleasure and business 
Company owned - airplane rented t o  individual f o r  business or  pleasure 

Used f o r  pleasure 
flying, instruction, o r  business 

flying, a lso aircraft used as check-out fo r  heavier airplane 

Instructional: 
Training - a l l  instrumented airplanes owned by f lying schools. U s e d  as 

basic t ra iners  f o r  private license. 
cross -country 

Also used by student a f t e r  solo fo r  

Commercial survey: 
Pipe l i ne  pa t ro l  - patrols flown from 230-300 feet above ground t o  check for  

Forest pa t ro l  - patrols  flown 1300 f ee t  above t e r r a in  fo r  f i re  spotting. 
leaks o r  breaks i n  the pipe l i n e  

When f i r e  i s  spotted, descents are made t o  200-300 feet t o  check condition 
of t e r r a in  around f i r e  

are  made t o  300 t o  300 feet. 
Fish spotter - patrols  flown 1500-2000 f ee t  above water. Occasional descents 

Figure 7 i s  a map showing the dis t r ibut ion of the instal la t ions throughout 
the continental United States.  
while the plain symbol is  a V-G recorder instal la t ion.  
t ions of the  country are  represented i n  the sampling, t o  the extent t ha t  
instruments are flying i n  37 of the 48 domestic s ta tes .  
figure 7 not a l l  classes of operations are represented i n  each local i ty .  

The sol id  symbols indicate a VGH ins ta l la t ion  
Most geographic sec- 

A s  can be seen from 

Table I V  shows the t i m e  spent i n  each f l i g h t  condition, average f l i gh t  
time, and the a l t i tude  and airspeed distributions according t o  category. In 
contrast t o  the j e t  transports the a l t i tudes  axe below 20,000 fee t  f o r  a l l  air- 
c raf t ,  and except fo r  airplane T-2 the average a l t i tude  is  below 10,000 feet .  
Comparison of transport airplane I with airplane S-12 ( single-engine executive) 
emphasizes the  influence of a l t i tude  since airplane I spent about 4.0 percent of 
the f l i gh t  time i n  rough a i r  while the single-engine executive spent some 
76 percent of the time i n  rough air. 
gories can also be made. 

Similar comparisons fo r  the other cate- 

DISCUSSION 

Scheduled Transport Operations 

General.- Inspection of a l l  the data at hand indicates tha t  the only f l i gh t  
phases which have not en t i re ly  s tabi l ized are the loads i n  landing impact and 
check-flight maneuvers. Ground loads, gust accelerations, and operational maneu- 
vers a l l  appear t o  be independent of operator, geography, and a i r c ra f t  type 
within the je t  category. There has been some concern tha t  operators c o d d  be 
a significant factor.  A l l  attempts t o  f ind significant differences have been 
negative. 
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In  regard t o  landing impact accelerations, although the  sca t t e r  i s  great, 
only one sample shars a wide discrepancy. 
b le  t o  s t a t e  whether t h i s  i s  due t o  operating techniques or the airplane 
character is t ics .  

A t  the present time it i s  not possi- 

The check-flight load h is tor ies  as noted i n  reference 1, follow no rational 
pattern. 
check-flight f lying as other nations, but the amount varies widely between air- a 

l ines .  
widely fo r  the same equipment but different  operators. 

In  broad terms, U.S. operators do some two t o  three times as much 

As w i l l  be shown l a t e r ,  the severity of the maaeuver loads also varies 

Ground loads.- Review of ground loads data, that is, taxi,  take-off and 
landing roll-out loads, indicates that fo r  different  equipment and operations, 
the overal l  h i s tor ies  are essent ia l ly  the same (f ig .  8). 
data, f o r  the three separate phases, indicates that  the landing run-out imposes 
higher loads than e i ther  the take-off run or taxiing. 
ure 8 are on a per f l i gh t  basis, a single dis t r ibut ion may be suitable fo r  a l l  
a i r c ra f t  i n  the jet transport category. 

Inspection of other 

Since the data of f ig-  

Impact accelerations, - Figure 9 summarizes landing acceleration data for  
a l l  operations and f ive  airplane types. The basic data sorted according t o  
operator showed l i t t l e  or no scat ter ,  f igure 9, except f o r  airplane X I I I .  
Since airplane X I 1 1  i s  f a i r l y  new i n  the inventory, one might expect a more 
severe environment, but airplanes V I 1 1  and IX are  a lso f a i r l y  new and show le s s  
than average load experience. Until  the severe load history f o r  airplane X I 1 1  
can be explained, it does not appear feasible t o  suggest a single curve. 
severe loading could be due t o  some airplane character is t ic  or t o  the t ra ining 
practices of the a i r l i ne .  

The 

Figure 10 shows that three operators of ident ical  equipment had the same 
landing acceleration his tor ies .  A s  noted e a r l i e r  it was thought t ha t  geography 
and national traits might have some significance which was not borne out by the 
data, since two operators are  from countries other than the United States.  The 
airplane IX is  a short-haul j e t  introduced a few years ago tha t  appears t o  have 
good handling qua l i t i es  i n  the approach. 

In  contrast t o  figure 10, figure 11 indicates a significant difference 
between two operators of large j e t s  f lying the same equipment. 
study indicated tha t  it w a s  the general practice of one operator t o  use a fixed 
descent r a t e  without f lare ,  while the operator with l ea s t  severe load history 
trained the crews t o  flare on landing. 
resulted i n  a reduction i n  load experience by changes i n  landing technique. 

Subsequent 

Subsequent e f fo r t s  by the f i r s t  operator 

Turbulence. - Since 
and has been thoroughly 
known. Figure 12 shows 

rough air is  the natural environment of the airplane 
discussed i n  many papers, the general aspects are  well 
the amount of rough air  flown at  different  a l t i tudes  

fo r  the short-haul j e t  transports.  
keeping w i t h  past experience and it would be expected that  the resu l t s  pre- 
sented i n  reference 1 are  applicable, 
load sources the gust acceleration dis t r ibut ion w i l l  be included i n  l a t e r  
figures . 

The general dis t r ibut ion and sca t t e r  are i n  

For comparison w i t h  the data from other 
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Operational maneuvers.- Figure 13 summarizes a l l  maneuver data available 
and indicates that  frequency dis t r ibut ion i s  essent ia l ly  the same regardless of 
airplane. Such an observation might be expected since operational maneuvers 
are  basically specified by terminal area and ATC routings rather than by the 
crew. 
experience should be essent ia l ly  the same. 
operations are  fo r  samples l e s s  than 1000 flight hours while a l l  other samples 
w i t h  a sca t te r  of about 2 t o  1 represent samples varying from 18,000 t o  
9,000 hours of operation by the large je t s .  
expected that the small j e t  w i l l  tend t o  approach the other curves reducing the 
overall  sca t te r  t o  about 2 t o  1. 

Since most changes i n  direction are  on a standard pattern, the load 
The deviations fo r  two short-haul 

As  sample s ize  increases it is  

The data shown are  primarily f o r  U.S. operators, and involve operations i n  
a high density environment. It i s  probable tha t  f o r  some areas of the world 
where t r a f f i c  density i s  low, the maneuver h is tor ies  would be somewhat l e s s  
severe. 

Check-flight maneuvers.- Figure 14 shows the mean and the extreme distri-  
butions of check-flight maneuver loads from some 16 operations involving both 
the new and the older j e t  transports. The resu l t s  indicate a sca t te r  of from 
15 t o  20 t o  1. For a cumulative frequency of 10-5 per mile, the mean check- 
f l i gh t  acceleration i s  O.9g as compared t o  0.6g fo r  operationalmaneuvers. 
Also at 10-3 per mile the maximum and minimum accelerations a re  1.04g and 
O.72g, respectively. 
airframe and it does not appear feasible t o  suggest a single distribution. 

This type of operation produces many large loads on the 

Inspection of the time spent i n  check f l igh ts ,  table 11, indicates a wide 
variation between operators from about 8.7 t o  0.7 percent of the t o t a l  f l i gh t  
time. While some of the var ia t ion i n  loads could be ascribed t o  the variation 
i n  time, inspection of individual operations also indicates wide variations i n  
the severity of the maneuvers. 
t o  3.6 percent of the t i m e  while another operation indicated variations f r o m  
8.7 t o  1.8 percent. 
t ra ining on new a i r c r a f t  t o  routine operations since the percentage i s  highest 
f o r  the new airplanes. 
other than U.S. operators. 

Variations fo r  one operator ranged from 6.5 

Some o f  these variations re f lec t  the t rans i t ion  from 

As a point of interest ,  the two lowest times are fo r  

Summation of acceleration experience.- Four of the many samples are  sum- 
marized i n  figures l5(a) ,  (b), (c) ,  and (a), t o  show the re la t ive  importance of 
the different  load sources-. 
t ions and two short-haul operations a re  shown. 
check-flight maneuver tends t o  be the most significant source of repeated loads 
fo r  three of the four operations. I n  one case, airplane X I I I ,  the landing 
impact accelerations tended t o  predominate. Since each load source can be 
c r i t i c a l  for  a different  s t ruc tura l  component, it i s  not possible t o  assess 
fatigue damage according t o  source, but it i s  appztrent that  all elements m u s t  be* 
considered i n  the repeated loads assessment. 

Two samples representing intercontinental opera- 
The resu l t s  indicate that the 

While a limited assessment of the influence of airplane type, operator, 
and geography has been made, the only significant differences appear t o  be i n  
the landing impact and check-flight maneuver accelerations. It i s  probable 
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tha t  the reasons f o r  the single unusual landing load experience will be found 
through fur ther  analysis, but accounting fo r  the check-flight load his tor ies  
may not be practical .  In  the case of check f l ights ,  the load his tory seems to  
depend t o  a high degree on a i r l i ne  t ra ining practices and policy and it i s  not 
possible t o  reduce it t o  a technical problem for  solution. 

General Aviation 

General.- Inspection of sample V-G envelopes f o r  each category, f igure 16, 
indicates consistent exceedance of the design cruise speed 
increase i n  posit ive load factors  f o r  the  instruction and commercial survey 
categories as compared t o  the other three.  
indicate negative accelerations only s l i gh t ly  below zero g . 
more peaks at high negative g than the other categories but the character of 
the record indicates t ha t  the largest  peak at  160 knots i s  due t o  a gust. 
Records from other a i r c r a f t  indicate more violent maneuvers than shown on the 
figure, including one tha t  showed exceedance of and both the posit ive and 
negative design l i m i t  load factor .  Insufficient data are  on hand, however, t o  
place such records i n  the proper s t a t i s t i c a l  perspective. From the crude image 
tha t  emerges fo r  the operations, a 3.0g posit ive load factor  i s  t o  be expected; 
and the operators do not appear t o  be concerned with excess speed. 

V, and some 

Except f o r  a f e w  peaks, the records 
Figure 16 (a) shows 

VD 

Figure 17 i s  a composite p lo t  of the cumulative frequency distributions 
f o r  the basic V-G data. The abscissa i s  the r a t i o  of the maximwn acceleration 
increment divided by the design l i m i t  load factor  increment from 1.Og. This 
rat io ,  which w i l l  be referred t o  as the acceleration fraction, was  selected 
since l i m i t  load factors f o r  general aviation airplanes designed t o  meet the 
requirements of reference 6 vary widely. 
1.Og w a s  used t o  avoid d i f f i cu l t i e s  with values near zero g. 
acceleration fract ion l e s s  than 0.4, the shape of the dis t r ibut ion curves i s  
not significant since it i s  highly dependent on the number of records and the 
number of hours represented by each record. 

The incremental value measured from 
For values of the 

Figure 17 indicates t h a t  the cumulative frequency distributions of the 
acceleration fract ion a re  symmetrical and essent ia l ly  the same f o r  a l l  cate- 
gories. Since the posit ive design l imi t  load factor  i s  somewhat higher than 
the negative load factor, the symmetry indicates some tendency f o r  the posit ive 
accelerations t o  be higher as might be expected f o r  maneuvering a i r c ra f t .  
b ias  i s  not very strong since inspection of tab le  I11 indicates differences 
between posit ive and negative l i m i t  load factors of about 20 t o  30 percent. 
Since the  individual curves of figure 17 are  e r r a t i c  because of data l imitations 
it i s  not possible a t  t h i s  time t o  extrapolate the results t o  the t o t a l  popula- 
t ion of general aviation. 

The 

The landing acceleration data shown i n  figure 18 indicate as might be 
expected, t h a t  the accelerations are  most severe for  the instruct ional  category. 
The commercial survey and "twin" executive show the l e a s t  severe load h is tor ies  
with the "single" executive and personal only s l i gh t ly  higher. For comparison 
with figure 18, the extremes fo r  the je t  transports have been superposed 
dashed l ines .  A t  a probabili ty l eve l  of 0.01, the best  general aviation 
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i s  more than 0.2g above the lower l i m i t  f o r  the transports while the most 
severe history ( instruct ional)  i s  about 0.15g above the worst j e t  transport 
history.  The sca t te r  of 3 t o  lbetween the lower four curves is considered t o  
be reasonable since records from individual a i r c ra f t  i n  a category can vary by 
factors from 10 t o  100. 

The several factors t h a t  influence the load his tor ies  are the pi lot ,  the 
airplane characterist ics,  and the landing-gear characterist ics.  Consideration 
of airplane and p i l o t  characterist ics indicates tha t  f o r  the high performance 
a i r c ra f t  the wing loadings are  high, about 30 pounds per square foot, and 
decrease fo r  instructional airplanes t o  about 10 pounds per square foot. Since 
the more expensive a i r c r a f t  such as the "twin" executive probably have commer- 
c i a l  or experienced pi lots ,  and the l i gh t  instructional a i r c ra f t  have the least 
experienced pi lots ,  the variations i n  wing loading and p i l o t  experience would 
tend t o  exaggerate the differences in  load experience. By the same token, the 
large a i r c ra f t  have the more sophisticated landing gear while the instructional 
w i l l  tend t o  have the more elemental landing gear which could also affect  the 
landing load history. The resolution of these questions w i l l  have t o  a w a i t  
more information and analysis. 

Twin-engine executive.- The twin-engine executive a i r c ra f t  have an average 
f l i gh t  time of about 1 hour and the cruise a l t i tude  f o r  piston-engine a i r c r a f t  
i s  about 5500 fee t .  Examination of one sample from a twin turbopropeller air- 
c ra f t  indicates the same average f l i g h t  t i m e  but the average cruise a l t i tude  is  
about 15,000 fee t .  For these a i r c ra f t  the  amount of rough air varies from 
about 45 percent of time f o r  the low cruise a l t i tude  t o  30 percent for, the 
cruise a l t i tude  of l 5 , O O O  feet. 
the values f o r  transport operations but w i l l  require more definit ion as the 
sample s ize  increases. Since general aviation would be expected t o  be predom- 
inantly a daylight operation as compared t o  scheduled transport, the increased 
exposure t o  rough air m y  be accounted f o r  by operations during the roughest 
par t  of the day. 

These figures are at  l ea s t  twice as great as 

Gust velocities, figure lg(a) ,  appear quite consistent f o r  the two twin- 
engine executive a i r c ra f t .  For airplane T-7, the high negative gust velocit ies 
up t o  48 f ee t  per second appear t o  be a "rare" event and the t a i l  of the dis- 
t r ibut ion may follow the trend of the  data at  lower load levels as fur ther  data 
are  acquired. Comparison of the distributions i n  the rel iable  range (from 8 
t o  30 f p s )  indicates a gust experience about 4 f ee t  per second less  than for  
transport a i r c ra f t  and the curves are  almost ident ical  for  the sample airplanes. 
The difference between the transport and executive gust experience could be 
ascribed t o  the f ac t  t ha t  the transport goes on schedule in  most weather condi- 
t ions whereas the l i gh t  twin i s  probably operated mainly i n  the  daytime and 
under more select ive weather conditions, o r  the difference may be due t o  sample 
size. 

The maneuver accelerations i n  figure lg(b)  emphasize the unsymmetrical 

Comparison of figures l g ( b )  and ( e )  shows tha t  fo r  these 
experience f o r  positive and negative loads and the apparent practice of ra ther  
gentle maneuvers. 
operations the  gust accelerations are more severe than the maneuvers. A t  an 
acceleration fract ion of 0.3 the accelerations due t o  turbulence would be about 
10 times more frequent than the maneuver accelerations. For airplane T-2 the 
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r a t i o  i s  about 2 t o  1 due i n  par t  t o  the higher wing loading of the turbine- 
powered a i rc raf t ,  table 111, and i n  par t  because of flight at a higher a l t i tude.  

If the values fo r  landing impact of figure 18 are considered, the landing 
impact appears t o  be a less severe environment than f l i g h t  f o r  the airframe, 
although it could be c r i t i c a l  f o r  par t icular  airplane components. 

Single-engine executive.- These a i r c r a f t  show an average f l ight  time of 
about 1 hour, with average operating a l t i tude  of about 6000 fee t  and about 
76 percent of the  f l i g h t  t i m e  i n  rough air. 
rough air may also be explainable i n  terms of f l i g h t  during the most turbulent 
hours of the  day. 
sections of the United States and contains a fair amount of "bush" operations. 

The high percentage of t i m e  i n  

The largest  sample represents operations i n  mountainous 

Comparison of figure l9(a) with figure 20(a) indicates tha t  the gust 
experience is  about 2 feet per second l e s s  than f o r  the twin executive. 
t ion  of a smaller sample from operations i n  the plains states shows tha t  f o r  
such operations the tendency is  for  a somewhat l e s s  severe gust history.  
things being equal, the reduced severity of the gust velocity distributions 
suggests more fair weather flying than fo r  the twin-engine executive a i r c ra f t .  

Inspec- 

Other 

The maneuver load distributions,  f igure 20(b), a re  more severe than fo r  the 
twin-engine executive and indicate perhaps two operations since the curves a re  
concave downward at the high end. 
ac t iv i ty  i s  about 10 times tha t  f o r  the twin. Another notable feature of f ig-  
ure 20(b) i s  the high incidence of negative maneuvers. 
sample of single-engine executive operations produced only one negative accel- 
eration i n  138 fl ight hours, and posit ive maneuvers a t  a frequency of about 
one-thirt ieth tha t  of f igure 20(b). Discussions with the operator of the air- 
craf t ,  whose data are  presented i n  figure 20, indicate tha t  many of the oper- 
ations involved carrying sportsmen in to  mountainous areas t o  landing sites 
which required "dragging" the s t r i p  before touchdown. Brief inspection of 
commercial survey operations using the  same airplane type shows the same prob- 
a b i l i t y  of the larger  maneuver loads but about 20 t i m e s  as many of the more 
moderate loads. 
probabili ty i s  essent ia l ly  independent of category, one must conclude tha t  
l i t t l e  or no relat ion w i l l  ex is t  between the extreme values and the frequency 
of repeated loads. 

at moderate load levels, about 0.3, the two load sources w i l l  be of equal 
importance f o r  the  single-engine executive category. The sca t te r  between 
samples previously discussed ra i ses  the question of whether the category i s  
homogeneous and whether any refinement i n  load spectra may require a more 
detailed breakdown of the operations. 

Comparison with figure l9(b) shows the 

In contrast, another 

Referring back t o  figure 17, which indicates the large load 

Comparison of the gust and maneuver acceleration fractions indicates t ha t  

-. Personal a i rc raf t . -  Operations by airplane P-14 indicate about 32 percent 
of the t i m e  i n  rough air with an average operating a l t i t ude  of about 2500 feet .  
"he f l i g h t  duration of some 35 minutes i s  the shortest  f o r  a l l  categories. 
With an average f l i g h t  speed of about 100 miles per hour t h i s  would imply tha t  
most f l i g h t s  take place within about 60 miles of the home airport .  The amount 
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of rough air  experienced is  at  about the r igh t  level i n  comparison with the 
other categories for  the operating al t i tude.  

Figure 21(a) shows that,  f o r  the limited sample of gust velocities, the 
experience is  somewhat more severe than the single-engine executive operations. 
The maximum gust velocity experience of 28 f ee t  per second would imply gust 
accelerations corresponding t o  an acceleration fract ion of about 0.55 whereas 
figure 21(c) indicates a maximum acceleration fract ion of about 0.35. 
basis  it would appear that the more severe gusts w e r e  encountered at low speeds, 
probably well below the structural cruising speed. 

On t h i s  

Figure 21(b) indicates a rather severe maneuver environment, par t icular ly  
the negative acceleration distribution. As i n  the other categories there i s  
bias toward posit ive maneuver accelerations as might be expected. Comparison 
with figure 20(b) indicates a more severe maneuver load history than f o r  the 
single-engine executive operations, and at  a probability leve l  of 10-3, about 
the same acceleration frequency as f o r  the commercial survey. 

Figures 21(b) and (c )  indicate that f o r  the sample studied, the maneuver 
loads would produce more repeated loads than the rough air  i n  the range of 
interest .  
could be a significant feature  of the repeated load history f o r  the airplane. 

Since the  f l ight  t i m e  is only 35 minutes, the landing accelerations 

Instructional.- The 115-hour sample from airplane 1-18 indicates, as might 
be expected, a large amount of f l i g h t  time, 75 percent, i n  rough air since the 
average operating a l t i tude  w a s  only 1500 feet. These operations were 'of very 
short f l i g h t  duration amounting t o  about 40 minutes. 

The gust velocit ies,  f igure 22(a), experienced i n  these operations were 
If it i s  assumed tha t  quite low with a maximum value of 16 f ee t  per second. 

basic t ra ining is  primarily a fair weather operation, then f l i gh t s  close t o  the 
airport  would experience a great deal of l i gh t  t o  moderate turbulence since 
operations would be a t  the lower al t i tudes.  

The maneuver accelerations of figure 22(b) are a l so  quite moderate with 
the acceleration fraction having maximum values of about 0.4. 
the gust accelerations of figure 22(c) indicates tha t  the maneuvers would be the 
prime source of repeated f l i g h t  loads although neither load source appears t o  
provide a severe environment. When the limited sample i s  viewed i n  terms of 
the V-G data of figure 17, it appears tha t  it may not be en t i re ly  representative 
and there i s  a d i s t inc t  poss ib i l i ty  that ,  as a category, instruct ional  f lying may 
show more sca t te r  between operations than the other categories. 

Comparison with 

Commercial survey. - The commercial survey (the sample is  f o r  pipeline 
operations) i s  characterized by spending 97 percent of the t i m e  i n  turbulence, 
an average operating altitude of 1200 feet ,  and f l i g h t  t i m e s  of about 3 hours. 
Since most of the f l i g h t  operations are  at  a l t i tudes  of 200 t o  400 feet, the 
continuous exposure t o  turbulence i s  not surprising. The long average f l i g h t  
time is  character is t ic  of commercial operations tha t  involve spotting ground 
objects. In  the  case of the  pipeline a i r c r a f t  (airplane C-19) the  average 



f l i g h t  speed i s  89 knots and the design cruising speed i s  104 knots. 
operations are conducted i n  WR weather since v i s i b i l i t y  i s  a prime requis i te  
of the mission. 

Such 

The gust velocity distribution, f igure 23(a), i s  the  most severe of the 
general aviation experience due t o  the almost continuous exposure t o  rough air .  
A t  large gust velocit ies,  the  experience matches tha t  of the twin executive but 
fo r  lower values, 8 t o  20 f ee t  per second, t he  frequency of occurrence is higher 
than f o r  the twin. 
riences about 6 times as many gusts as the twin. Comparison of the trends shown 
in  figures 23(a) and l9(a) ,  i f  continued, would indicate tha t  for  larger samples 
the maximum gust velocit ies f o r  the twin would exceed those f o r  commercial sur- 
vey operations. A possible reason f o r  t h i s  trend i s  tha t  the VFR requirements 
of survey work indicate a minimum exposure t o  convective cloud ac t iv i ty  while 
the twin executive would be expected t o  penetrate such cloud ac t iv i ty  during 
transport type operations. 

A t  16 f ee t  per second the commercial survey airplane expe- 

The maneuver accelerations, figure 23(b), indicate a very strong bias 
toward posit ive load factor, and a very high frequency of maneuvers. 
survey work involves banking, turning, and c i rc l ing  f l i gh t  t o  avoid obstacles t o  
follow the l i n e  and t o  check fo r  leaks, a high incidence of posit ive maneuvers 
would be expected. The shape of the dis t r ibut ion curve f o r  positive accelera- 
t i on  fractions would indicate tha t  very large maneuver loads would not be 
expected and is, of course, borne out by the  data of figure 17 based on 
V-G recordings. A t  20 percent of the  l i m i t  load factor, the maneuver frequency 
i s  about 100 times more frequent than f o r  e i the r  the twin- o r  single-engine 
executive categories. 

Since 

Comparison of figures 23(b) and ( c )  indicates that ,  f o r  the survey type of 
operation, maneuver loads would be the prime source of repeated loads. Despite 
the prac t ica l ly  continuous operation i n  rough air the imposed gust loads fo r  
airplane C-19 are about one-hundredth of the frequency at  an acceleration frac- 
t ion of 0.4. Since the f l i g h t s  average about 3 hours as compared t o  1 hour f o r  
the executive operations the frequency of landing impact accelerations w i l l  a l so  
be l e s s  by a factor  of about three. O f  the categories studied, the commercial 
survey is  potent ia l ly  the most severe environment from a repeated loads 
s t  andpoint. 

Comparison of Categories 

Most general aviation a i rc raf t ,  because of speed limitations, are probably 
best  categorized by the geography surrounding the home station, and by the usage 
of the a i rc raf t ,  than by the categorization selected i n  the  present paper. 
fur ther  samples a re  collected it may be feasible  t o  determine more suitable 
categories, but a t  the present time data are  not available t o  define the differ- 
ent environments. 
such as the commercial-survey and twin-engine a i rc raf t ,  it appears tha t  the 
operations are single purpose and the load distributions should s tab i l ize  
quite w e l l .  

man with a large investment i n  equipment who i s  interested i n  t h i s  investment 
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I n  operations tha t  are  primarily commercial i n  character, 

The image tha t  emerges of the general aviation p i lo t  is, i n  the main, a 



rather t han - in  taking chances. 
beyond V, 
ni-ficance of the s t ruc tura l  design speeds and i s  probably not familiar with 
FAR 23 o r  25, references 6 and 7. 

The apparent lack of concern f o r  speeds 
creates the impression t h a t  the p i l o t  has not been taught the s ig-  

While it is  s t i l l  too ear ly  t o  t e l l  a great deal, the  gust environment i s  
different  from the transports as t o  the amount of rough air encountered and the 
gust severity. 
mum gust velocit ies encountered will be less than those f o r  transports, but the 
amount of rough air and number of encounters with moderate turbulence w i l l  be 
greater. 
long run the  gust environment w i l l  approach tha t  f o r  transport a i r c r a f t  except 
f o r  some increase i n  the amount of rough air, which would be most s ignif icant  
f o r  repeated loads experience. The l eas t  severe gust experience has been with 
instruct ional  a i r c ra f t  which apparently i s  primarily a fair-weather operation. 

Except f o r  the twin executives, the impression i s  tha t  the maxi- 

For the twin executive the resu l t s  lead one t o  believe tha t  i n  the 

The more severe maneuver loads environment appears t o  be generated by the 
commercial survey and single-engine executive classes. While the large load 
experience i s  not outstanding fo r  these categories, the frequency of occurrence 
of moderate maneuvers i s  very high. 

The landing impact experience appears t o  be re la t ive ly  s table  and orderly 
i n  tha t  instruction i n  basic f l i gh t  technique creates the greater number of 
large loads while the other four categories indicate essent ia l ly  the same load 
experience. 

D a t a  Collection fo r  General Aviation 

The collection of loads data on general aviation i s  a discouraging experi- 
As  compared t o  s i m i l a r  collections of transport data, the major problems ence. 

a re  the individual operations and the i r  number. The current U.S. program 
amounts t o  about 0.1 percent of the  general aviation f l e e t  and w a s  planned t o  
sample both the repeated and large load experience. In  3 years of operation 
the collection r a t e  varies from 100 t o  TOO hours of data per instrument with 
personal a i r c r a f t  being the lowest. 
VGH recorders indicates about twice as many hours per instrument for  the 
V-G recorder. 
collection. The resu l t s  a l so  indicate tha t  commercial or semi-commercial 
operators do a much be t t e r  job than the individual owner. 

Comparison of data hours fo r  the V-G and 

As might be expected, the simpler the instrument the be t t e r  the 

Current operations involve an e f fo r t  of about 4 man years per year and a 
cost per year of about one hundred and twenty thousand dollars.  
ure amounts t o  about ten  dol lars  per data hour with about half the cost  being 
i n  instrument maintenance, calibration, and adjustment. In the 3-year period 
some 90 days of t r ave l  has been involved t o  v i s i t  the locations of figure 7 f o r  
so l ic i t ing  cooperation and improving the collection, In  retrospect, if man- 
power were available the amount of t r ave l  would be doubled o r  t r i p l ed  t o  keep 
the program moving. 
phone for  l i a i son  and follow-up. 
the low f lying hours per year of many a i r c ra f t ,  the d i f f i cu l ty  i n  maintaining 
enthusiastic cooperation over long periods of time, and the changes brought about 

The cost f ig -  

The current subst i tute  i s  very extensive use of the t e l e -  
The need for  extensive promotion arises from 
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by the sale or trade of a i r c ra f t .  
the a i r c r a f t  after only a few hundred hours have been acquired. 

In  many cases an owner w i l l  trade or s e l l  

The three c r i t i c a l  problems i n  extensive data collection programs have 
been: 

1. The lack of uniformity and capacity of e l ec t r i ca l  supply systems i n  
general aviation a i r c r a f t  

2. The ins ta l la t ion  and weight l imitations for  the smaller a i r c r a f t  

3 .  The nuisance e f fo r t  required t o  handle the records and necessary 
bookkeeping 

The first  two problems have been solved on an individual basis, but the record 
collection and bookkeeping i s  s t i l l  a serious problem, par t icular ly  fo r  
VGH instal la t ions,  and no simple solution has been found. Record handling and 
collection a re  the l imiting factors i n  maintaining the  cooperation of the 
operat or. 

For the  data collected t o  date, the evaluation of the VGH records taxes 
our manpower and f a c i l i t i e s  even though it is semi-automatic. If, as i n  the 
case of transport a i rc raf t ,  a 1- o r  2-percent sample were required, the data 
evaluation and analysis w i t h  current methods would swamp the investigator. 
the long run the larger sample w i l l  be required and automatic evaluation w i l l  
be a must, or extremely simple instrumentation such as the V-G recorde?, o r  
counting accelerometers, w i l l  have t o  be accepted with the attendant reduction 
i n  the amount of detailed information obtained. 

In  

CONCLUDING NZMARKS 

The infomation on the jet  transport category indicates a remarkable con- 
sistency in  landing, gust and maneuver loads, but that  check flying s t i l l  shows 
a large degree of scat ter .  Results t o  date indicate that  i n  contrast t o  expec- 
ta t ions the h is tor ies  of repeated loads show a high degree of independence of 
operator and geographical location. 

The picture of repeated load experience on general aviation a i r c r a f t  indi- 
cates wide variations and d i f f i cu l t i e s  can be foreseen i n  sorting the operations 
according t o  homogeneous categories. 
will probably have t o  be changed on the basis of the evidence presented. While 
the evidence i s  inconclusive it appears that geographical location and airplane 
use w i l l  be predominant factors fo r  most categories. The results also indicate 
l i t t l e  i f  any relat ion between the frequency of the extreme and the small 
repeated loads. 

The categories used i n  the present study 
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Figure 2.- I l l u s t r a t ive  VGH record. 



Figure 3.- "he NASA oil-damped VG recorder. 
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Figure 13.- Summary of accelerations experienced during operational maneuvers. 
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(a) Type IX airplane. 

Figure 15.- Surmnary of t o t a l  acceleration experience for each of four  jet  
transport operations. 
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Figure 15. - Continued. 
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Figure 15. - Continued. 
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Figure 15.- Concluded. 
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Figure 16.- Continued. 
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Figure 18. - Landing impact accelerations experienced by General Aviation airplanes. 
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(a) Gust velocity distribution. 

Figure 20.- Gust velocity and in-fl ight acceleration experience f o r  single-engine 
executive operations. 
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Figure 22.- Gust velocity and in-f l ight  acceleration experience f o r  
instructional operations. 
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